The microcapsules containing the artificial diet for tropical fishes were prepared with the spray gelling method in order to prevent water environmental pollution. The carboxymethyl cellulose sodium aqueous solution, in which α-tocopherol droplets containing the powdery artificial diet were dispersed, was dropped or sprayed into the chitosan aqueous solution. Microcapsules were prepared by forming polyionic complex shell made from chitosan and carboxymethyl cellulose sodium. In the experiment, the concentration of carboxymethyl cellulose sodium (CMCNa) was mainly changed to investigate the effect on the diameters of microcapsules, the content and the microencapsulation efficiency. The microcapsules couldn't be prepared with the concentration of carboxymethyl cellulose sodium less than 3.0 wt%. The microcapsules were the core-shell type. The diameters of microcapsules were increased with the concentration of CMCNa and the microencapsulation efficiency of ca. 100% could be obtained by the preparation method presented in this study. The microcapsules were found to be eaten well by tropical fishes and to prevent water environmental pollution.
Introduction
Many kinds of microcapsules with the principal functions as the protection and the controlled release of core materials have been developed and applied in the various fields [1] [2] [3] .
As an interesting example of application of microcapsules, it has been tried to microencapsulate a lot of nutritious compositions for cultivating various fishes [4] [5] [6] [7] .
The main purpose of these microcapsules was to microencapsulate a few balanced nutritious baits in accordance with the conditions of fishes [8] [9] [10] .
Nowadays, many kinds of microencapsulated diets for fishes have been developed and applied properly according to the growth degree of fishes such as both larval and adults stages of development.
A. Luzardo et al. [11] have reviewed about microencapsulation of diets and vaccines for cultured fishes, crustaceans and bivalve mollusks. And they have reported the main advances due to the application of microencapsulation techniques and microencapsulation of nutrition and vaccination.
Yufera et al. have developed the highly efficient microencapsulated food for rearing early larvae of marine fishes [12] .
They have prepared the microcapsules containing diets composed of casin, fish protein hydrolysate, vitamin mixture and etc. by using interfacial polymerization of the dietary protein. And they have reported the effect of microencapsulated food on the growth rate of fish. Furthermore, they have prepared the microcapsules with the protein shell and investigated the effect of a kind of microdiets on leaching of free amino acid [13] .
Besides these works, the many works have described mainly how to prepare the microcapsules containing the various microdiets and how to evaluate the effect of microencapsulated diets on the growth rate of fishes [7] [8] [9] .
However, there are few works describing the effect of microencapsulation of artificial food on the prevention of water environmental pollution [13] .
Hereafter, it will become important more and more to develop the preparation method of microencapsulated diets to be able to achieve the effective contribution to both the growth rate of fishes and the prevention of water environmental pollution.
In this study, the effect of microencapsulated diets on the prevention of water environmental pollution was mainly estimated, because the effective contribution of microencapsulated diets to the growth rate of fishes may be sufficiently estimated by adjusting the nutritional compositions.
The purposes of this study are to try to prepare the microcapsules containing the artificial diet for tropical fishes with the spray gelling method and to characterize the effect of the microencapsulation of diets on the prevention of water environmental pollution.
Experiment

Materials
Materials used to prepare the microcapsules containing the artificial diet were as follows.
Carboxymethyl cellulose sodium (CMCNa) and chitosan were used to form the microcapsule shell. α-tocopherol (VE) was used as the binder for the pow-dery core material. Ambrose of artificial diet for tropical fishes was used as the core material, which was composed of chitin and various proteins.
Soybean lecithin (SBL) was used as an oil soluble surfactant.
Acetic acid (AC) was used to dissolve chitosan in water.
Ambrose was from Aqua Service Co., Ltd, Tokyo, Japan and the others were from Wako Chemical Co., Ltd., Tokyo, Japan.
Preparation of Microcapsules
In order to investigate whether the desired microcapsules could be prepared with the experimental conditions adopted in this study or not, it was tried first to prepare the microcapsules with the dropping method and then, with the spray gelling method. Table 1 shows the experimental conditions adopted in this study. 
. Observation
The whole, the surface and the inner structure of the microcapsules prepared were observed with optical microscope (DP10, Olympus Co., Ltd., Tokyo, Japan) and stereo microscope (SE1145TR : Olympus Co., Ltd., Tokyo, Japan).
Diameter Distributions and Mean Diameters
The diameter distributions and mean diameters of microcapsules were measured with the particle size analyzer (SALD-3000, Shimazu Seisakusho Ind., Co., Kyoto, Japan).
Analysis of Microcapsule Surface
The surface of microcapsule was analyzed with FTIR (FTIR-8200PC, Shimazu Seisakusho, Ind., Co., Kyoto, Japan) in order to investigate the formation mechanism of polyionic complex shell.
Measurement of Turbidity of Water
The degree of water environmental pollution due to artificial diet and the microcapsules was measured with the Ultra-violet spectrophotometer (UV-160A, Shimazu Seisakusho Ind., Co., Tokyo, Japan) and the pH meter (F-55, Horiba Seisakusho Co., Ltd., Tokyo, Japan).
These measurements are based on that the higher the degree of water environmental pollution becomes, the higher the turbidity and the pH value of water become.
Observation of Eating Microcapsules by Tropical Fishes
Tropical fishes used in this study were zebrafishes.
The microcapsules of a given weight were added into the water tank where many zebrafishes lived.
It was directly observed whether zebrafishes ate the microcapsules or not.
Y. Taguchi et al. Figure 3 shows the optical microscopic photographs of microcapsules prepared with the dropping method in order to investigate whether the microcapsules could be prepared with the experimental conditions or not.
Results and Discussion
Preliminary Preparation with Dropping Method
From Figure 3 , it was confirmed that the microcapsules could be prepared with the experimental conditions used in this study.
Concretely, the microcapsules without the core (Figure 3(a) ) and with VE and SBL (Figure 3(b) ) were found to be spherical and the microcapsules with VE, SBL and Ambrose (Figure 3(c) ) became slightly rough because of containing powdery core material.
Also, the core composed of Ambrose, SBL and VE was found to be microencapsulated well (Figure 3(d) ) and the microcapsules became the core-shell type.
Preparation with Spray Gelling Method
As the microcapsules could be prepared with the compositions adopted in this study, it was tried to prepare the microcapsules with the spray gelling method. As the diameters of aqueous solution droplets sprayed were largely changed by the physical properties of aqueous solutions (especially the viscosity) [14] , the microcapsules were prepared by changing the concentration of CMCNa. The microcapsules couldn't be prepared with the lower concentration of carboxymethyl cellulose sodium than 3.0%. However, the mean diameters (dp) changed from dp = 450 μm at C = 3.0 wt% (μd = 250 mpa•s) to dp = 620 μm at C = 8.0 wt% (μd = 1250 mpa•s).
Analysis of Microcapsule Surface
In order to analyze the chemical composition on the surface of microcapsule, the result of FTIR analysis was shown in Figure 6 , where chitosan and the microcapsules prepared with C CM = 6.0 wt% were analyzed, respectively.
As the absorption peaks at λ = 1500 cm −1 and λ= 3400 cm −1 were due to NH 2 of chitosan, the microcapsules were found to be formed with the polyionic complex between chitosan and CMCNa.
Microencapsulation Mechanism
From the results obtained above, the microencapsulation mechanism could be derived as shown in Figure 7 .
Namely, the CMCNa aqueous solution containing Ambrose coated with VE and SBL was dropped or sprayed into the chitosan aqueous solution.
Then, the anionic CMCNa dissolved in water must react with the cationic chitosan to form the microcapsule shell of polyionic complex.
As a result, powdery Ambrose coated with VE and SBL was stably microencapsulated with the polyionic complex shell.
Effect of Microencapsulation on Water Environmental Pollution
As it was expected that water environmental pollution could be prevented by the microencapsulation of Ambrose, the effect of microencapsulation was estimated by measuring the turbidity and the pH value in the water tank. The absorbance for water dispersing only Ambrose was ca. 0.2, however, the absorbance for water dispersing each microcapsule was smaller than 0.03. Figure 9 shows the change of the pH values for water for dispersing each mi- crocapsule and only Ambrose.
In the case of dispersing only Ambrose, the pH value abruptly increased from pH = 5.5 to pH = 7.2 after ca. 1 h.
However, the pH value of water dispersing each microcapsule was kept almost constant (ca. pH = 5.5).
For comparison, the change of the pH value for the microcapsules prepared without VE and SBL was shown in Figure 9 , too. The pH value increased from pH = 5.5 to pH = 6.5 after ca. 1 h. This result may be due to the fact that powdery Ambrose was easy to dissolve out of the microcapsule because of lack of protection effect due to VE and SBL.
From these results, it was confirmed that water environmental pollution could be satisfactorily prevented by microencapsulating Ambrose with the double shells composed of VE, SBL and polyionic complex.
Also, it was estimated that ca. 100 % of microencapsulation efficiency could be obtained, because the turbidity and the pH value were kept constant for 12 h.
Observation of Eating Microcapsules by Tropical Fishes
It was directly observed whether the microcapsules were eaten by tropical fishes or not.
As a result, it was found that the microcapsules were actively eaten by tropical fishes.
Furthermore, it will be expected that chitosan, VE and SBL could contribute to the growth rate of tropical fishes in addition to the prevention of water environmental pollution.
Conclusions
It was tried to prepare the microcapsules containing the artificial diet for tropical fishes with the dropping method and the spray gelling method.
The following results were obtained.
1) The microcapsule shell was formed by the polyionic complex made from carboxymethyl cellulose sodium and chitosan.
2) The microcapsules were the core shell type.
3) The microcapsules couldn't be prepared with the concentration of carboxymethyl cellulose sodium less than 3.0 wt%.
4) The diameters of microcapsules could be changed from 450 μm to 620 μm according to the concentration of the carboxymethyl cellulose sodium aqueous solution.
5) Water environmental pollution could be prevented by microencapsulating
Ambrose with the double shells composed of α-tocopherol, lecithin and the polyionic complex.
6) The microcapsules were actively eaten by tropical fishes.
